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| ABSTRACT

For "the ourpose of ev&lmting the resiatance of materials to the
thermal radiation of atomic exploaipns, the critldal thermél dnergiss of
ssveral durtain materials, selected, preparbd and subhitted by the '
Wright Air Development Center, were determined, Several paransiars of
importanée to the immediate problem were studied, including changes in
irradiance, the effect of soiling and the fabric Yefore exposure, the
effect of cleaning following soiling, and the effect of previous exposure
to approximately 75 per cent of the exposures required to obtain initial
radiation effects, and the influerce of the degree of bleaching of the
febrics, It was found that the critical thermal energles were greater
for exposures at a rate of applicution of emergy of 20 cal/cm®sec than at
a rate of application of 85 cal/ru2sec. In general, soiling caused
a decrease in resistance to thermal radiatiom, although the silicone
rubber on glass cloth showed the opposite trend, The effects of pre-
exposwre were only mpdsrate. The 1O per cent bleaching process was most
effective in increasing resistance to thermal radiation and the greatest
resisiance was found on the 14,7 63. cotton duck with this bleaching,

2 CONFIDENTIAL
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ATMINISTRATIVE INFORMATION

1., This investigation was raquested by Wright Air Development Center
: letter WCRTT-1 of 1 March 1954 and constitutes part of the program
e initially proposed by Commander, New York Naval Shipyard, Confidential
letter S99/L5, Ser 960-92 of 1l March 1950 and formaliy approved by
Bureau of Ships speedletter S99{0}{(348), Ser 348<75, of 6 soril 1950.
The general Thermal Radiation program at tha ¥avzl Haterisli Lavoratory
is under the swpervision ¢f the Armed Yorces Speclal Wespons Froject.

2« ‘The studiss reported herein were planned and executed under the
supsrvision of T.1., Monahan, Head of the Optics Section.

INTRODUCTION

3¢ A8 part of its gmeral prugrmm on the effects of the thermal
radiation of atemic explesions;, the Navel Haterial Laboratcry is
evalvating the characteristics, under exposurs to intense thermal .
radigtion; of the various materials of pariicular interest to the several
' " ageacies ef the Department of Defense, As data become ava‘lablsg, these
| findings are published. Reported below are tha or&tiocsl therr i snergies
of ocurtain materials which were sutmitted by the Wright Air Development
Conter. These curtaims mre intended to bs drazwm across cockpit windows
in erder to shisld aircraft personnel against tho intense thermal radis-~
tion attending muclear detonations,

BQUIPKENT AND METHODS J

be The criticai thermal enargies of the fabrics were dotermined, em=
ploying ti» Naval Materisl Laberatory carbonearc scurce of usrmal i
5 radistion. Ths scurcs conaiszts of an llamz zzrhben are. mountad at tha
o 8 focue of a reflsclor which collimates the amitied energy. A second
B mirrer; which is mounted coaxially at a distancs of twelve feet frem the
Ky cellimator, condenses the radiation te the mirror's focus. Oradatiens
é“’ of thermai damsge are obtained by varying the effective exposure time
i by accelerating a ix8 inch specimen transversely through the focus. ' The
ocar>en arc furnishes an irradiance of 85 cal/cmCsec, over a cantral area

2 mve ds width; I2 the firabiphase of tha invastisction. Aesimmsted as

2 :‘r;t-‘(‘:oa;‘;vby WADG, the fi;o fabrics were also exposed at 20 853 o 5
k2 enl,"a'zuc, vhich were achieved tixrough the ume of atiucaating screens, ik
2 In the sesond and ¢hird phases of thz ressavch, *Test Cedes B and 0%, faur

. fabrics were exposed, after having been soiled artifically and after hav-
ing been soiled and then cleaned, The soiling amd cleanikg experizente

CONFIDERTIAL
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wore conducied ai Wigit Ailr Developmeni Center. 1In the Iowrih phass,
*Test Code D", feur fsbrics were exposed aftar having been irradiated

by a toszl euergy approximately 75 per oant of that required for initial
destructioa effecta, 1In the last phase. "Test Unde E," une of the fabrics,
the “L.7 oz cotton _duck; was evaluated with six separate stages of
bleaching(O,, 25;50, 75,100,125 5 cent) and at a rzte of application of
energy of 20, 42, and 85 cal/cm€sec.

RESULTS

INFLUENCE OF IRFADIANCE
Se Ths dats of Tabls 1 ipdicate that for a rate of application of energy
(irradiance) of 20 cal/om“se:, greater exposures are required in general to
cause destructive offects on the materials than for a rate of delivery of
energy of 35 cal/cmsec. I% may be concluded that a given curtain

mater:ial, with the& excaption of the vinylecoated cotton, aiurinized, will
give adequais protection against high-yield nuclear weapons if it gives
satisfactory protection against loweyleld weapons; such as the "nominal® bombe.

6. During the sxpczures it was noted that the initial destructive effacts
are not similar for ail irradiances, After charring, all the fabrics

ignite, and with the exception of the cotton duck, flameproofed with Pyrosat,
support corbustion after irradiation. The glass cloth emits dense smoks and
largs scoty particles during exposure, This material and the asbestos cloths
aye the mnst rasistant to the initial effects of radiation.

EYFECTS OF SOILING

7. The exparimental data on tne effects of soiling are only qualitative, asince
it is impossible to ccntrol the degree of soiling, the ssount and thickness of
the soiling mederiniz, In addition, it is jmpoesible to obtain a homogeneouns
coating, even over the area ~f an individuvai specimen. Initial destructive
effects mndey ixradigior. were not readily discernible bscauss of the soiling.

8, In 3 of the L cases, the critical thermal energies were lowsered signifi-
cantly by the soiling, The resistance cf the fourth material, the siiicone-
rubbcr-»on«-ga.ass cloth, was increasod, but it was notad that the soil ooating
‘rhat soiling nay :anmaso in some cases and in othe rs dseruso t.hs thomu
resistance of a material is not contradictory since the size of soll
particles is critics> and the effective color and absorptance of the
material may be either increased or dscrescsed.

5 CONFIDENTIAL
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. EFFECTS OF SOILING AND CLEAKING
L

9. The initial destructive effects on the materials, first soiled and
then cleaned prior to irradiation, with the exception of the vinyl-coated
cotton, occurred at radiant exposures conaiderably lower thsn those for
the corresponding new cloths. .The destructiem umdsr irradiatiom of the
asbeston and cetton duck materials, tsoiled and cleansd, occurred at
lower radiant exposurses than for ithe corresponding new cloths, but at
higher radiant exposures in the case of the silicone-rubber-on-glass-
cloth specimens.

EFFECTS OF PREVIOUS KXPOSURE TO RADIATION

10, Twenty-four hours prior to the final axposures, the fabric specimens
were conditioned at the Naval Material Laboratory by exposiing them to

the carbon-arc source ef radiation at an irradiance of 85 cal/cmisec.

It has been recommended that the materials be expossd to a total flux
approximaiely 75 per ceat of ihe flux regquired to cause initial des-
tructive effects on new materials. Because this procedure would invelve
complex and time-consuming instrumentation, the initial exposures were
made at total flux values which could be obtained conveniently. The
radiant exposures for the initial exposures and the critical radiant
exposure values for the final exposures are given in Table 1,

11, The critical thermal energy for initial destructive effects om
Asbeston previously irradiated by 8.0 cal/cm”, is 8.8 cal/az, in contrast
with the critical radiant exposure of 18 cal/cm? for new Asbeston cloth,

: Following an initial radiant exposure of 10.0 cal/cm2, it required

18 cal/cm? to char the Asbeston, the same total energy required to char
new Asbesten,

12. The silicone-rubber-on-glass clsth required 18 cal/mm? s preduce
initial destructive effects, even after a pravious exposwre of

9.0 cal/cm2, The first exposures of the vimyl-coated cottem amd the
blsached cotten duck had negligible effect om the:crit{¥el thermsl energies
of these materials.
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EFFECT OF DIFFERENT DEGREES OF BLEACHING

13. The unbleached fabric wes considerably less resistant than any of
* hs bleached specimens. The soveral degress of bleaching gave sub-
' stantially the same amount of protection,

CONCLUSION
1. The results of this investigation are briefly summarized as follows:

a, The critical emergy required to produce a specific damage on «
curtain material increases if the irradiance decreases from
85 te 20 cal/cm?sec,

be In general, solling of curtain materials will cause a decrease
of their resistance to thermal radiatiom. This is alse true,
although to a smaller extent, after cleaning of thease materials.
However, the silicome rubber fabric sa glass cleth shewed the
epposite trend amd emitted dense smeke and scoty paricles
during sxposure.

cs Of the imvestigated fabrics the greatest resistance te thermal
radiatier was shown by the ustreated, lh.7 ez., bleached
cottom duck.

de In most cases the effects of pre-exposure were only moderate.

-
¥

"‘ir‘é}:"’ :,,
N ;s %
LSt A 754

.,.,,__
B
ki /o

i
g

L A

-
e
A

i}

bas

7 CONFITENTIAL

S
"
~
+

s
r
i
I3
AR P
N
<
A
3]
4




4 CONFIDENTIAL ’
: Lab. Project 50k6-3, Part 62 l
Final Report
(]
< HIBLTOGRAPHY
' 1. Xaval Material Laboratery, Critical Thermal Energies ef 33._23&3
mendam o Danand UWa . 1A

Materiais, Submitied by e U.S5. Aarine (oips. Repert Heo DOuL-3;
Part 3, (July 1951).

2. Naval Materisl Laboratory, Critical Thermal Energies ef Special

Awming Materials, mg%im the Bureay of Ships, Deparimeni ef
the Ngvy. Report Ee. -3, Part 27 (Jan. 1953).

3. Naval Material Laberatery, Critical Thermal Energies of Cameny
Materials, Submitted by the Wright Air Development Centsr,
of the Air Force. Lab. Project Report 50h6--3, Part 55 (Apr 195h).

k. Naval Material Laboratery, Determinatiem ef Energy Distrjibutioa
at the Focus of g Parabolic Mirrer amd the Energy Deasity on a

l_lgll_g Surface, Using a Turgstes Lamp Scurcz. Report Ne. Sok5,
Part 5, (July 1919). = . a

S. KNaval Naterial Laboratory, A Methed of Measuring High Intensities
_at the Fecus of a Parabelic Reflectar with Large Relative Aperturs,

aepert Re. 5008, Part 3 (November 1946).

M
e

{‘i‘. £

¥ g I"H"M“{' 12

TR

3

ﬂ._.w
Fed

N,
“k

“w e
4 Nfg

LS ¥ g WA
K Wt
T8 YT
L]

Ko

\)
I,

e
D’

Pog
¥
%

3
%
-
St Je
e
&
-

P o]

K -

8 CONFIDENTIAL

2 R %l S o B S S R
> 4



5&‘\ o
‘a \ ey L.J
E ” s
‘ Material Laboratory Lab, Project SC46-3, Part 62
4 Final Iepor:
P’ CONFIDENTTAL Sheet 1 of i
. Table I

Critical Thermal Energies af Curtajr Materials

P WADC 1 , Critical_ﬁrg‘ist
Has?l ; (cal/ca’)
Test | Desig- Description At B= 85 (&t Be 2.5 jAT H= 2O
Code | natiem Maverial of REffect cal/ca“/sec  cal/=‘/sec caljaé;sec
5 I istesten, MIL-C-5240 | Imitial Effect 18.0 - .
Trve I Charring 19.0 42,8 £0,0
Barned throngh, Boc 65.0 8000

e —— ;gsu%aﬁm*ﬁ
i 1T Silicsns Rubber on  Initial Effec 21.Q | 2220 3140 _

Gass Cloth Ho. 126 Rubber coating

(Chenical Rubber Co. | destroyed k3.0 65.0 75.0
| iﬁggxe 7007} l

Iy IIT Tinyl Coated Cot-  Initial Effsct | 38 3.6 k.7 ‘
ton, AMlonimized, Charrisg - .0 23.0 30,0
heyr o762, Type X Coymed thwengn, h2.0 2.0 VI
[ destroyed Z ”
A | IV ({Bleached Cettem Ixitisl Xffect - { - %.o :
o P s Preshruak, Speradic Char- [N ) 13,0 0
3 CCC-DB-T71; Type IXI, |rTine .
75 llk.?or. Pyreset ™0 Regular Char- 21.0 b 80,0
& atmant jring
s CoarTed thresgh, k2.0 h.C 80.0
= o destyroyed B
g F \ s XPO White Tinyl em  Injtial Bffect Tk 940 35,0
o | 1.32cz sateen Sporadic Chare TS 7.0 7.0
=1 (Landers Cerp.) ring
53 Regolar Char- 7540 i 2.8 I sy.0
= ring o ;
i Charred througn,] 45.C 180 {  8o0.0
- 5 5
i . ite vinyl Costed  |Imitial Rffect 720 3.0 1.0
n Nylem Fiberthin Cosrring 2.0 2.0 h740
J(L-xhra Corpe } Kelted throwgh 36.0 370 k740
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CONFIDBNTIAL Sheet 2 of 4
Critical Thermal Energier ,f Curiaim Materials '
WADC Critical Emargies ]'
Kat'l {cat/@’)
Test |Desig- Descrip  en At H» 85 At H= 42,5 | At B= 20
Code |natiem Matarial of Effect cal/cwl/sec | cal/cac/sec | cal/cm?/sac)
B I Asbesten, MILC- Charring 6.9
8240 ‘r{pe 1 Burnsd through, 23,0
(Seiled) - destreyed
B II Si,icome Rubber Rubber coating She0
on Glass Cleth destroyed
Ne. 126 (Chemical
Rubber (o, Style
= 7007)(Sodled) ===+———'
B IIT | Vinyl Ceatel Cetton Charring 27.0 .
Aluninized, MILeC- Burned threugh, 39.0
7642, Type I({Soiled} | dssiroysd
B IV | Bleached Cotten Duck,| Sporadic Chare lels
Preshrunk, CCC-D-771,| ring -
Type III, ll.7 o3z., Regular Char- 6.8
Pyreset DO Treatment | ring
(Soiled) - Charred through 28.0
destroyed
c I Asbeston, MIL-C-8240,| Initial Effect L.L i
Type T (Soiled and __Charﬂ%" 12,9
Cleared) Burned ugh,
destreyad
c I Silicons Rubber on | Initial Rffect _1440
(ass Cleth Ko. 126 | Rubber Coating, 77.0
(Chemical Rubber Co. |- destroyed
Style 7007}(Soiled
c IIT |Viayl Coated Cotton, | Initial Effect 3.6
Alumisized, HIL~C- 6’.‘«)1:11'1'1116l 21490
7642, Type I, (Soil- | Burned through, 2.0
ed and Cleaned) destroyed
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Critical Thermal Engrgies of Curtain Materials
=
WADC Crit.ical mgr es
Mat'l &
Test | Denige Description At Hﬂ At He® YZ.5 |AL i= 20
| Cods | natien Material _of Effect 2-« cal/ca/ass | cal/eu/sec
Iv Bleachsd Cotton Duck, | Spaoradic Char- 1.5 )
Preshrunk, CCC=D-771, ming
T7pe III’ 111.7 L2-T¥ Rigﬂll_!" Chare 6.8
Pyroset DO Treatment | ring
(Soiled and Cleaned) | Charred through,| 240
destroyed :
WADC '
' Pre—
Mat'l
Test |Desigw: ..9"‘
Code |natiem Material Description of Effect (mlaz) cal/cn?
D 1 Asbeston, MIT-C~8210,| Initisl Effect 8.8 3.8
Type 1 Chgrring 15,0 8.0
D 21 | silicone Rubber on Ini$ial Effect 9.0 18.0
Glass Cloth No. 126 :
(Cheaical Rubber Ce.
Style T007) |
D TII | vimyl ceated cstion, | Initial Effect 1.9 3.8
elminized, MIL=C~ , : .
642, Type I
D v Bleached Cottoa Duck,| Sporadic Charring TeC « 7.8 7.5 ;
Preshrunk, CCo-D=TT1, Bsgular Charring 9e0. =100 19.0
Type .L.lI’ J-l-Sol OZe
Pyroset D0 Treaiment

CONFIDENTIAL




Material laborstory

'

R

by

L‘b. PrO;)Oct 9&‘6-3, Plrt 62
Tiral Report
Sheet i of L

Critical Thermal Energiss ef Certaix Materials

Mat'l t  Criticsl Energies (cal/cm?)
Test | Dasig- 4 Descriptien ‘At H=28 At He= 42,5 At H = 20
Code | matien { Waterial Bleach |ef Effect ' cal/ag g8 =a1/cuz/-ec nl/cnz/nc
E v Catton Duck, Shasring 11.0 12,0 8.0
Pr.'hr“k’ ° Burnod ﬂromx hsoo 6600 ? L)
CCC=D=-771, destroyed
111,
o T @z, !
Charring 3h.0 62,0 6640 -
S Burmed through,)
destreysd 61.0 74,0 0.0
eing | 39,0 62,0 690
50 Burmed through,
destroyed | 58,0 The0 19,0
¥ : 2120 LE.0 63,0
(4] Bwned through,
de h7.0 750 82.0
Charr 2.0 ) 72,0
100 Burned thronghj SO o
dant; od «0 8100 110.0
Charr 31.0 550 5840
125 Burned tbreugh,)
:‘.:streyed 5560 7&.0 79.0
.//’
»
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